Aim: To investigate the amount of connective tissue migrated into the extraction socket using E-PTFE and latex membranes. Methods: Seventeen rats were selected and randomly divided into 3 groups: e-PTFE membrane (n = 6), Latex membrane (n = 6) and Control (no membrane, n=5). After extraction of the maxillary right incisor, the animals of the test groups were subjected to alveolar guided bone regeneration (GBR) surgery and received an expanded polytetrafluoroethylene (e-PTFE) and a latex membrane, respectively. Thirty days after surgery, the animals were killed and histometric analysis was done to evaluate the migration of connective tissue. Data were analyzed statistically by one-way ANOVA and multiple-comparison Tukey's test at 5% significance level. Results: There was statistically significant difference between groups e-PTFE and Latex (p=0.001), and between groups e-PTFE and Control (p=0.012), but no significant difference was found between groups Latex and Control (p=0.416). Conclusions: The e-PTFE membrane showed better results and appeared more adequate for GBR therapy, forming a barrier to prevent the migration of connective tissue into the extraction socket. The latex membrane, on the other hand, did not show benefits over the control group.
Introduction
When all attempts maintaining the tooth have failed and extraction of teeth is inevitable, the dentist is faced with the concern of maintaining the height and thickness of the alveolar ridge, which are critical for rehabilitation with implantsupported dentures. Alveolar bone resorption after tooth extraction results in a significant reduction in bone height. The connective tissue can have great influence on osteogenesis during alveolar healing and results in narrowing of the alveolus after approximately one month of extraction, due to local bone resorption. This leads to aesthetic and restorative complications, such as decrease of bone volume for future installation of osseointegrated implants 1 . Periodontal regeneration and bone ridge restoration using physical barriers are well-established procedures in reconstructive surgery. It is possible to find different techniques using physical barriers [2] [3] [4] [5] [6] [7] and the characteristics of the biomaterial and the design of the membrane used in guided tissue regeneration play an important role in obtaining good results 8 . Expanded polytetrafluoroethylene (e-PTFE) membranes have been the standard materials for clinical treatment with guided bone regeneration (GBR), achieving good results when used as mechanical barriers covering sites of extraction e-PTFE is a polymer with high stability in biological systems, which provides better tissue organization, infection resistance and no induction of inflammatory reactions
1 . e-PTFE membranes are used as mechanical barriers to protect the blood clot and allow bone cells to be selected to repopulate the bone defect, preventing the epithelial tissue to migrate into the defect 1 . However, care should be taken during placement because exposure of the membrane during the healing of the bone defect can lead to significant a decrease in bone tissue regeneration 9 . In dentistry, GBR is commonly understood as a surgical technique to improve bone defect in a particular region through new bone formation. This technique is based on Melcher's 10 (1970) observation that the type of tissue formed in a given area depends on the type of cells populating that area. Therefore, the aim of GBR to exclude soft tissue with the use of barriers in such a way that only bone cells populate the region to be regenerated. Dahlin et al. 11 (1988) was the first to demonstrate that bone defects created on mandibles of rats can be healed successfully using GBR procedures. GBR has been accepted as an excellent option for periodontal treatment and, after several decades of use, the advantages and disadvantages of this technique are already well known.
Non-absorbable membranes show good results when used in large bone defects
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. Murray 13 (1957) placed plastic domes in the iliac and femoral regions of dogs, noting that the entire areas were filled with blood clot and consequently bone tissue. Philips 14 (1990) reported that the new bone is formed only where there is biomechanical stability of the membrane, that is, the membrane should be well fixed and remain stable as micro-movements may influence the type of tissue to be formed. Bartee 15 (2001) have stated that one of the benefits of the use of occlusive membranes is that there is less bone resorption in the early stages of healing, but the mechanism responsible for this result is not very clear.
Latex membrane is the result of biotechnological development and is available as a thin, translucent elastic, easy-to-use biomembrane originated from natural material (latex polymer extracted from plants). Its structure is composed of polyisoprene chains and proteins, so like the cell membranes. The latex membrane has a microarchitecture that allows protein and cellular adhesion as well as stimulation of the various cell types adhered, in particular the macrophages involved in the healing process. The analysis of the micro-geometry of the latex membrane surface at 50-and 500-fold increases reveals a "lunar surface" appearance, and examination by scanning electron microscopy at 1500-fold increase confirms the existence a rough exterior with recesses and protrusions. These structures have an important role in the processes of cell adhesion and maintenance of vascularization of tissue-interface membrane of the fibrous capsule, which begins when the latex membrane is applied on the implanted tissue. It has great plasticity and can be used as a dressing on areas of different sizes, with the advantage of being easily removable.
Frade et al. 16 (2004) investigated the effect of latex biomembrane to treat leg ulcers compared with the traditional treatment (antibiotic ointments and proteolytic enzymes). Biopsies of the lesion were collected before and 30 days after treatment and subjected to histopathological and immunohistochemical analyses. The result showed that the biomembrane facilitated lesion healing, offering the advantage of a low cost and ease of use. It was also observed that the biomembrane led to a clinical and histopathologic differentiation of tissue healing, with increase in the detection of growth factors, such as vascular endothelial growth factor (VEGF) and transforming growth factor â1 (TGFâ1), and reduction of expression of the enzyme inducible nitric oxide synthase (iNOS), compared with controls.
Mrue et al. 17 (2000) used latex membranes in the treatment of chronic ulcers of different etiologies with 2 to 18 years of evolution by covering the lesions with the membranes every 24/48 h. The results showed that from the 3rd day of treatment, the granulation tissue was clear, becoming lush and full on the 12th day. After granulation, the process of reepithelization occurred at around 75% of patients quickly and spontaneously. Closure of the lesions with the use of latex membrane ranged from 4 days to about 6 months. In the remaining 25%, despite the formation of granulation tissue, reepithelization was unsatisfactory, and a split-thickness skin graft was used with 100% success rate.
An important aspect of concern that could influence the success and predictable result in the healing of bone defects is bacterial infection. It has been suggested that immediate postoperative infection in periodontal defects and colonization of membrane surface could be the reason for poor results in some cases. For example, periodontal pathogens can colonize a membrane within 3 min of intraoral handling. The presence of bacteria on the surface of a membrane in contact with the gingiva 6 weeks after surgery has been shown to affect significantly the gain of clinical insertion. Controlling bacterial colonization in the first stage of healing and reducing the spread of infections can increase the predictability of results 18 . Occlusive membranes and e-PTFE space promoters have been developed to assist bone regeneration in supraalveolar periodontal defects. Polimeni et al. 19 (2006) estimated the effect of cell occlusion and space provision by use of membranes on periodontal regeneration. Space-providing occlusive and porous e-PTFE membranes were implanted to provide for guided-tissue regeneration in supraalveolar periodontal defects. The gingival ûaps were advanced for primary intention healing that was allowed to progress for 8 weeks. A histometric analysis assessed alveolar bone regeneration relative to space provision by the e-PTFE membranes. The bivariate analysis showed that space provision and membrane occlusivity enhanced signiûcantly bone regeneration. Sites that received the occlusive membrane and those with enhanced space provision presented signiûcantly greater bone regeneration than sites receiving the porous membrane (p=0.03) or exhibiting more limited space provision (p=0.0002). However, a signiûcant association was found between bone regeneration and space provision at sites receiving occlusive (b = 0.194, p<0.02) and porous (b = 0.229 p<0.0004) membranes, regardless of the treatment, which means that the relationship between space provision and regeneration was signiûcant for both types of membranes. Regeneration followed similar patterns in both groups. The authors assumed that the healing assisted by these membranes is similar, or at least similarly inûuenced by space provision. However, the magnitude of regeneration was signiûcantly enhanced at sites receiving the occlusive membranes compared with that at sites receiving the porous membrane, when adjusted for wound area. Thus, while space provision appears to be critical for regeneration, membrane occlusivity seems to have adjunctive effects. Although it is not possible to affirm that cell occlusion is an absolute prerequisite for periodontal regeneration, it seems clear that the use of cell occlusive membranes may optimize the magnitude of periodontal regeneration. The purpose of this study was to compare the use of e-PTFE membrane, latex membrane and no biomembrane in the maintenance of the extraction socket, assessing the healing processes and tissue responses caused by membranes.
Material and methods
The study was approved by the Ethics Committee of the University of Southern Santa Catarina (Protocol number 07.303.4.04III).
Seventeen 50-70-day-old male Wistar rats (Rattus norvegicus albinus), weighing between 180 and 200 g were kept in individual cages under controlled conditions of lighting (12 h of light/12 h of darkness) and temperature (21 to 25 °C), fed a balanced solid diet. The animals were randomly divided into 3 groups: two tests groups using e-PTFE membrane (Membrana de Teflon; Bionnovations, Bauru, SP, Brazil) or latex membrane (Biocure; Pele Nova Biotecnologia, Ribeirão Preto, SP, Brazil), and a control group, which did not receive a membrane. The test groups were subjected to GBT surgeries.
The animals were sedated by inhalation of sulfuric ether (Rioquímica, São José do Rio Preto, SP, Brazil) and anesthetized with an intraperitoneal injection of sodium thiopental (Thiopentax; Cristal Pharma Ltda, Contagem, MG, Brazil; 0.2 mL/100 g body weight). It was used the infiltrating local anesthetic administered mepivacaine 2% with epinephrine 1:100000 (DFL, Rio de Janeiro, RJ, Brazil).
The maxillary right incisor of each animal was extracted using instruments specially adapted for this purpose. The extraction socket was curetted, gently rinsed with saline and either covered with e-PTFE or latex membranes or left with the blood clot only. Wen placed, the membranes were carefully adapted to the bone margins to avoid migration of the connective tissue into the extraction socket. The periosteum was sutured with 5.0 nylon thread using a 1.5 cm a needle with a triangular cross section (Techsuture; Techsuture Industria de Comercio de Produtos Cirurgicos LTDA, Bauru, SP, Brazil).
After 30 days of experimental surgical procedures, all animals were sedated by inhalation of sulfuric ether (Rioquímica) and were killed by decapitation. The maxilla was separated from the head and the left maxilla was separated from the right maxilla with the aid of a chisel, by making an incision at the median sagittal plane along the intermaxillary suture. A straight cut was done with a pair of surgical scissors (Hu-Friedy, Chicago, IL, USA) tangential to the distal side of the molars. Samples of the surgical areas were removed in blocks containing alveolar bone and surrounding soft and hard tissues. The blocks were embedded in paraffin and 6-ìm-thick longitudinal sections were obtained and stained with hematoxylin and eosin. The sections were viewed with video camera (Sony, DCR-SR42, 40x optical zoom, Carl Zeiss lens, Oberkochen, Germany) and the Image J (Rasband, W.S., ImageJ, U. S. National Institutes of Health, Bethesda, MD, USA) software was used for analyzing histomorphometrically the depth of connective tissue invagination into the extraction socket in millimeters. A first line was traced on the image displayed on the computer screen connecting the buccal and the palatal alveolar crests and, from this line, a second line was traced towards the deepest portion of the connective tissue invagination into the extraction socket. The results were analyzed statistically by analysis of variance (p<0.05) and Tukey's test for multiple comparison with a significance level of 5%.
Results
There was statistically significant difference between groups e-PTFE and Latex (p=0.001) and between groups e-PTFE and Control (p=0.012), but no statistically significant difference could be found between groups Latex and Control (p=0.416). The mean depths of connective tissue migration into the extraction sockets (in mm) of the three groups are presented in Table 1 .
Discussion
In the present study, the e-PTFE membrane showed better results allowing less migration of connective tissue into the extraction socket, while the protection offered by the latex membrane against connective tissue invagination did not differ significantly from that of the control group (without membrane). This can be explained because the membrane bioabsorbable (latex), in general, increases bone regeneration more than e-PTFE membranes. However, if the dehiscence of the soft tissues does not exist, the e-PTFE membrane allows bone regeneration slightly better than the membrane bioabsorbable. From a clinical point of view, the use of membranes simplifies the management and stabilization of bone-graft substitute materials, but from a biological point of view, the use of barriers promotes a recruitment of defense cells
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. Frade et al. 16 (2004) reported that treatment with latex membrane leads the organization of scar tissue consequent to increased production of steam cells. Ereno et al. 21 (2010) showed that latex membrane accelerated healing in critical bone defects. In another study 19 , porous membranes implanted in supraalveolar periodontal defects were compared with occlusive membranes. It was observed that the occlusion tissue is not an absolute requirement for periodontal regeneration, as the sites that received the membranes showed significant regeneration of cementum, periodontal ligament and alveolar bone, similar to the sites treated with occlusive membranes, which is in accordance with the present study.
In the present study, the e-PTFE membrane showed significantly better results than the control group. In a previous study using a tetracycline-coated e-PTFE membrane, it was suggested that the antimicrobial properties during the initial healing period could result in a gain of clinical integration 22 . The results of the present study are in accordance with those of Schenk et al. 23 (1994) , who assessed the pattern of bone regeneration in canine mandibles using standard and prototype reinforced e-PTFE membranes. After a healing period of 2 and 4 months, the control sites (without membranes) exhibited incomplete bone healing, with a persisting defect, while the test sites (with membranes) presented significantly enhanced bone formation, although bone regeneration was not complete after 4 months. The histological analysis showed that, once activated, bone regeneration progressed in a programmed sequence of maturation steps, which closely resembles bone development and growth pattern.
A limitation of this study is that experimental animal models do not precisely replicate the "in vivo" human conditions, and so further research using different membranes in human patients and with different healing periods is required.
The results of this study demonstrate that treatment with GBR is certainly a successful procedure, when an adequate technique is used. Comparing the two types of membranes, the e-PTFE membrane achieved better results, preventing the migration of tissue into the site of extraction. The latex membrane did not achieve good results in this type of periodontal therapy. Few studies have investigated the use of latex membranes in the treatment of periodontal defects through GBR procedures, needing more studies on this subject.
